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Abstract

Objectives: We evaluated the association between alcohol intake and lung cancer in a trial-based cohort in Finland,
the Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study (ATBC Study).
Methods: During an average of 7.7 years of follow-up, 1059 lung cancer cases were diagnosed among the 27,111
male smokers with complete alcohol and dietary information. The relationship between alcohol and lung cancer was
assessed in multivariate Cox regression models that adjusted for age, smoking, body mass index and intervention
group.
Results: Nondrinkers, 11% of the study population, were at increased lung cancer risk compared to drinkers
(RR = 1.2, 95% CI: 1.0±1.4), possibly due to the inclusion of ex-drinkers who had stopped drinking for health
reasons. Among drinkers only, we observed no association between lung cancer and total ethanol or speci®c beverage
(beer, wine, spirits) intake. We found no signi®cant e�ect modi®cation by level of smoking, dietary micronutrients or
trial intervention group; however, for men in the highest quartile of alcohol intake, we observed a slight increase in
risk for lighter smokers (<1 pack/day) and reduced risk among the heaviest smokers (>30 cigarettes/day).
Conclusions: We concluded that alcohol consumption was not a risk factor for lung cancer among male cigarette
smokers, and its e�ect was not signi®cantly modi®ed by other factors, notably smoking history.

Introduction

Lung cancer remains the leading cause of cancer
mortality in industrialized countries and throughout
much of the world. While it is known that cigarette
smoking is a major contributor to the occurrence of this
usually fatal disease, it is less clear what other factors
in¯uence whether a smoker develops lung cancer: almost
90% of lung cancer is attributed to smoking, yet only
10% of smokers develop the disease. In light of this,
greater insight is needed into the other nutritional,
genetic and behavioral characteristics that modify the
risk of a smoker developing lung cancer.

Alcohol consumption is an established risk factor for
the tobacco-related cancers of the oral cavity, pharynx,
esophagus, and larynx [1, 2]. Alcohol's role in cancer of
the lung is less clear, however. Several epidemiological
studies suggest a positive association between alcohol
and lung cancer [2±8]. Many of the studies are incon-
clusive, however, in part because of inadequate adjust-
ment for confounding by smoking and often poor
assessment of alcohol intake. Confounding by total
caloric intake and other dietary factors, particularly the
several micronutrients that have been strongly related to
lung cancer risk, are often not evaluated or considered.
Alcohol could be etiologically related to lung cancer
indirectly through the modulation of dietary patterns by
heavy drinking [2, 9], through resulting nutrient de®-
ciencies [10, 11], or through reduced plasma concentra-
tions of vitamin A, carotenoids, folate, or other
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micronutrients [12, 13]. Possible direct effects on
lung carcinogenesis include the induction of cytochrome
P-450 enzymes that activate procarcinogens [14], in-
creased production of free radicals due to the oxidation
of ethanol into acetaldehyde (reviewed in [15]), or by
impairment of DNA repair [16] and immune function
[17, 18]. Moreover, alcohol appears to increase the risk
associated with tobacco in head and neck cancers,
indicating that there may be a synergistic effect between
alcohol and carcinogens in tobacco smoke [19, 20].
We studied the independent role of alcohol consump-

tion in lung carcinogenesis among participants in the
Alpha-Tocopherol, Beta-Carotene Cancer Prevention
(ATBC) Study. Where other observational studies of
this hypothesis have been limited by small case numbers
or inadequate smoking and dietary information, the
ATBC Study cohort is large, and detailed diet and
smoking histories were collected prospectively. Evalua-
tion of the alcohol±lung cancer association was consid-
ered particularly relevant because of the Study's earlier
®ndings suggesting that alcohol might potentiate the
risk of lung cancer resulting from b-carotene supple-
mentation [21].

Methods

Study population

The original study population consisted of 29,133 white
male smokers participating in the Alpha-Tocopherol
Beta-carotene Cancer Prevention (ATBC) Study con-
ducted in Finland. The ATBC Study was a randomized,
placebo-controlled trial designed to determine whether
a-tocopherol (50 mg/day), b-carotene (20 mg/day), or
both substances would reduce the incidence of lung and
other cancers. The overall design, rationale and objec-
tives of this study have been published [22]. Participants
were recruited between 1985 and 1988 and followed
during the active trial period until death or April 30,
1993 (median follow-up, 6.1 years). Cancer incidence
was also ascertained post-intervention. Men who were
aged 50 to 69 years, smoked ®ve or more cigarettes per
day and lived in southwestern Finland were eligible for
inclusion in the study. Those excluded from the study
were men who were alcoholics, who had cirrhosis of the
liver, severe angina with exertion, chronic renal insuf-
®ciency, who had been previously diagnosed with
cancer, or who were taking vitamins A, E, or b-carotene
beyond certain dosages. The ATBC Study was ap-
proved by the institutional review boards of the
National Cancer Institute (US) and the National Public
Health Institute of Finland.

Data collection

Dietary, smoking and other background data, as well
as height and weight and a serum sample were obtained
at entry. The total amount and type of alcohol
beverage consumed (i.e., beer, wine and spirit) were
estimated using a self-administered food-use question-
naire given to all participants prior to randomization.
Of the entire cohort, 27,111 men (93.1%) completed the
questionnaire. Using a color picture booklet as an aid,
participants reported their usual frequency of con-
sumption and portion sizes over the previous year for
276 common food items and beverages. This dietary
instrument was measured for reproducibility and
validity. The Pearson correlation coe�cient of alcohol
consumption was 0.9 for reproducibility and 0.8 for
validity [24]. Dietary nutrient intake was estimated
using food composition data available from the Na-
tional Public Health Institute of Finland. Total alcohol
intake was converted into grams of ethanol per day,
while grams of intake of the speci®c alcoholic beverages
were also calculated and assessed. Drinkers were
de®ned as subjects who reported any alcohol intake,
while nondrinkers were subjects who reported no
alcohol intake.
Serum concentrations of b-carotene, a-tocopherol,

and cholesterol were determined prior to the interven-
tion analysis and the methods have been previously
reported [21].

Case identi®cation

Cases were de®ned as men who developed incident
primary cancer of the lung or bronchus
�ICD-9 � 162� diagnosed between May 1985 and
December 1994. These cancers �n � 1059� were iden-
ti®ed through the Finnish Cancer Registry and the
Register of Causes of Death, which provided approx-
imately 100% case ascertainment. Medical records
were centrally reviewed by one or two study physi-
cians who con®rmed the diagnosis received from the
Cancer Registry. Histological or cytological con®rma-
tion, using ICD-O classi®cation, was made for 93% of
the cases. Thirty-four percent of the cases were of
squamous cell type, 18% were small cell type, 13%
were adenocarcinomas, and 35% were of other cell
types. Cases diagnosed during the trial intervention
period �n � 894, or 84%) were additionally reviewed
and staged by two study medical oncologists using the
staging criteria of the American Joint Committee on
Cancer [23]. The distribution of the cases by stage was
20%, 14%, 36%, and 30% for stages I, II, III, and
IV, respectively.
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Statistical analyses

All statistical analyses were performed using the Statis-
tical Analysis Systems (SAS) software package [25, 26].
Cox regression methods [27], using follow-up time as the
underlying time metric, were performed to estimate the
relative risk and 95% con®dence intervals of incident
lung cancer associated with alcohol consumption. We
evaluated the association between alcohol and incident
lung cancer through three predictor variables of alcohol:
ethanol modeled as a continuous variable; a categorical
indicator (1,0) representing drinkers vs. nondrinkers;
and categorical indicators for the quartiles of alcohol
intake among drinkers, using the ®rst quartile as
reference, and keeping nondrinkers as a separate cate-
gory. Both total ethanol intake and consumption of
speci®c alcoholic beverages were analyzed.
Means and standard deviations of study factors for

the alcohol categories were derived using age as a
continuous variable in linear regression models. Al-
though alcohol and total energy intake were not highly
correlated �r � 0:15� because ethanol is a source of
calories, we evaluated whether energy-adjustment of
alcohol was necessary by modeling it as, (1) unadjusted,
(2) (natural) log-transformed alcohol adjusted for total
energy intake according to the residual method de-
scribed by Willett [28], and (3) by including total energy
intake as a continuous covariate factor in the hazards
model. Models from the three approaches yielded
similar risk estimates for alcohol. Vitamin supplement
use of folate, vitamin C, vitamin A, and vitamin E was
evaluated by adding supplementation sources to dietary
intake to provide total vitamin intake. Multivariable
models were developed by including the variable of
interest, alcohol, into a base model for lung cancer
previously described [21]. This model included baseline
age, number of cigarettes smoked daily, years of
cigarette smoking, and body mass index (BMI, calcu-
lated as weight (kg) divided by height (m)2) as contin-
uous variables, along with a-tocopherol and b-carotene
intervention group assignment. a-Tocopherol and b-car-
otene supplementation were evaluated by inclusion of its
indicator term into the model, and effect modi®cation
by intervention assignment (a-tocopherol, b-carotene, or
both) was evaluated as described below. The p values for
trends among drinkers were based on the statistical
signi®cance of the coe�cients of the various alcohol
variables as quartiles scored 1 through 4. E�ect mod-
i®cation of study factors was tested by inclusion of that
factor and its cross-product term with alcohol in the
hazards models, and through subgroup analysis using
strati®cation according to median split or tertile cate-
gories of factors. The validity of the proportional hazard

assumption was tested by including in our model a
cross-product term between the log of follow-up time
and alcohol modeled as a continuous and as a single
categorical (any/none) variable.

Results

There were 1059 men diagnosed with incident lung
cancer in the cohort of 27,111. Median follow-up time
was 7.7 years, and a total of 196,064 person-years of
observation accumulated. Eighty-nine percent con-
sumed alcohol in some form, with consumption ranging
from 0 to 278 grams of ethanol per day. Most alcohol
consumers drank spirits (81%), followed by beer (71%),
and then wine (21%). On average, the participants
smoked a pack of cigarettes daily and had smoked for 36
years at baseline. Nineteen percent of the participants
quit smoking for at least two consecutive study visits
(i.e., for at least 8 months), with 58% of these quitting
during the ®rst three years of follow-up, and 42%
quitting later in the study. There was no di�erence in the
smoking cessation rate observed between drinkers and
nondrinkers (v2 = 0.76).
Age-adjusted mean demographic characteristics, di-

etary intakes, and smoking history at baseline of the
subjects according to level of alcohol consumption are
shown in Table 1. Average age, serum b-carotene
concentration, and dietary vitamin C and b-carotene
generally decreased with increasing alcohol consump-
tion. In contrast, the number of cigarettes smoked per
day, and total energy consumed rose with increasing
alcohol consumption. The other factors were not ap-
preciably related to alcohol.
We ®rst assessed the association between lung cancer

and alcohol as drinking status (any/none) and found
that, except for consumers of spirits, drinkers were at
decreased risk compared to nondrinkers for all beverage
types. The relative risks (RR) and 95% con®dence
intervals (CI) were: for total ethanol, RR = 0.8 (CI, 0.7±
1.0); spirits, RR = 0.9 (CI, 0.8±1.1); beer, RR = 0.9
(CI, 0.8±1.0); and wine, RR = 0.8 (CI, 0.7±1.0). This
®nding is consistent with several studies reporting U-
shaped risk associations for alcohol, with low level and
moderate drinkers having the lowest cancer risk [3±6,
29]. Therefore, in the subsequent analysis, we kept
nondrinkers as a separate category, and used the lowest
quartile of drinkers as the referent category.
Table 2 shows the adjusted RRs and corresponding

95% CIs for lung cancer by level of alcohol consump-
tion measured as total ethanol and as the beverage
subtypes. In all models, adjustment was made for age at
randomization, BMI, cigarettes smoked per day, total
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years smoked, and b-carotene intervention group.
Among men who drank, we saw no overall effect on
lung cancer risk for level of alcohol intake. The RR
estimates were unchanged by further adjustment for
dietary intake of energy (kcal), folate, fat, cholesterol,

dietary b-carotene, carotenoids, vitamin A, vitamin C,
or vitamin E, or the other alcohol subtypes.
The observed risk increase among nondrinkers com-

pared to drinkers led us to consider whether abstaining
may have been the result of failing health, and not the

Table 1. Selected age-adjusteda baseline characteristics by level of alcohol consumption, Finnish men

Factor

Range (median (g/day))

Alcohol consumption categoriesb (ethanol, g/day)

Non-drinkers 0.04±5.2 (1.8) 5.3±13.3 (8.7) 13.4±27.6 (20.6) 27.7±278.5 (42.0)

Number of Subjects 3034 5687 6198 6000 6012

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Age (years) 58.4 (5.3) 58.1 (5.2) 57.3 (5.0) 56.7 (4.8) 56.0 (4.7)

Years smoked 36.3 (7.0) 35.1 (7.4) 35.6 (7.1) 36.1 (6.8) 36.6 (6.5)

Cigarettes/day 19.9 (8.7) 18.7 (8.0) 19.7 (8.2) 20.7 (8.3) 22.9 (9.4)

BMI (kg/m2) 26.1 (3.9) 26.0 (3.6) 26.4 (3.7) 26.4 (3.8) 26.5 (3.9)

Serum cholesterol (mmol/L) 6.3 (1.3) 6.2 (1.1) 6.3 (1.2) 6.2 (1.2) 6.2 (1.1)

Serum a-tocopherol (mg/L) 11.9 (2.6) 12.0 (2.4) 12.0 (3.0) 12.0 (2.8) 11.7 (3.2)

Serum b-carotene (lg/L) 272 (224) 253 (193) 224 (189) 191 (152) 156 (165)

Dietary intake (daily)

Energy (kcal) 2777 (818) 2758 (751) 2749 (760) 2802 (760) 2970 (811)

Fat (g) 125.1 (43.4) 122.9 (39.4) 123.0 (40.2) 122.8 (40.0) 121.6 (42.2)

Vitamin A (lg) 2079 (1468) 2227 (1469) 2218 (1579) 2225 (1566) 2226 (1607)

Betacarotene (lg) 2199 (1740) 2261 (1594) 2164 (1583) 2104 (1476) 1981 (1402)

Vitamin C (mg) 95.4 (46.3) 100.4 (45.9) 97.3 (44.4) 96.0 (45.0) 91.1 (45.0)

Vitamin E (mg) 12.1 (5.8) 12.2 (5.6) 12.1 (5.7) 12.1 (5.6) 11.8 (5.9)

Folate (lg) 337 (106) 342 (100) 335 (101) 335 (102) 337 (106)

a Means and standard deviations were age-adjusted using age as a continuous variable in linear regression models.
b Alcohol categorized as nondrinkers and by quartile of ethanol intake among drinkers.

Table 2. Adjusted relative risks (RR)a and 95% con®dence intervals (CI) of lung cancer by level of consumption of alcohol subtypes, Finnish

men

Subtype Category (range/(median)) Cases Person yr RR 95% CI p trend

Alcohol (g/day) non-drinkers 154 21466 1.2 (0.9±1.4) 0.89

(total ethanol) Q1b 0.04±5.2/(1.8) 233 42464 1.0

Q2 5.3±13.3/(8.7) 234 44874 1.0 (0.8±1.2)

Q3 13.4±27.6/(20.6) 208 43725 0.9 (0.8±1.1)

Q4 27.7±278.5/(42.0) 230 43535 1.0 (0.8±1.2)

Spirits (g/day) non-drinkers 232 36303 1.1 (0.9±1.3) 0.12

Q1 0.01±2.6/(0.9) 210 41043 1.0

Q2 2.7±10.6/(5.3) 221 41687 1.0 (0.9±1.3)

Q3 10.7±22.7/(10.7) 204 39433 1.1 (0.9±1.3)

Q4 22.8±160.0/(22.9) 192 37416 1.1 (0.9±1.3)

Beer (g/day) non-drinkers 363 56769 1.0 (0.9±1.2) 0.19

Q1 0.01±1.6/(0.9) 192 35126 1.0

Q2 1.7±4.5/(3.0) 157 35743 0.8 (0.6±1.0)

Q3 4.6±11.5/(6.6) 154 33599 0.9 (0.7±1.1)

Q4 11.6±242.6/(19.8) 193 34829 0.9 (0.7±1.1)

Wine (g/day) non-drinkers 878 153622 1.1 (0.9, 1.3) 0.02

Low 0.09±2/(0.7) 98 21050 1.0

High 2.1±67.5/(4.6) 83 21392 0.8 (0.6±1.1)

a RR after adjusting for age, body mass index, years smoked, cigarettes per day, and intervention group.
b Alcohol categorized as nondrinkers and by quartile of ethanol intake among drinkers.
c p for trend is for Q1±Q4 only.
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cause of lung cancer. To address this, we compared
hazards computed using nondrinkers as the referent
with the ®rst three years of follow-up excluded, and
found the risk estimates were not altered. In addition,
evaluation of the proportional hazards assumption
revealed that the hazards for drinking status did not
change over time.
Since previous studies indicated that alcohol may be

most harmful for squamous cell carcinomas [8, 30], we
evaluated the relationship between alcohol and lung
cancer by histological type. We observed a modest
positive association for adenocarcinoma and no associ-
ation for small or squamous cell carcinoma. Men in the
highest compared to the lowest quartile of intake had an
adjusted RR of 1.7 (CI, 1.0±2.8) for adenocarcinoma,
1.2 (CI, 0.8±1.9) for small cell lung cancer, 0.8 (CI, 0.6±
1.1) for squamous cell carcinoma, and 1.1 (CI, 0.6±1.7)
for all other lung cancer histological subtypes combined
(data not shown). Although we observed an association
for adenocarcinoma, there was no dose response rela-
tionship. None of the tests for trend were signi®cant,
however (p for trend was 0.22, 0.87, 0.15, and 0.98 for
adenocarcinoma, small cell, squamous cell, and all other
types, respectively).
The results from hazards models conducted within

categories of cigarette smoking exposures, including

daily cigarettes smoked, years of smoking, inhalation,
and cessation of smoking are shown in Table 3. We
found little evidence of an interaction between alcohol
and level of cigarette smoking in this cohort of smokers.
Among men smoking less than 20 cigarettes daily,
however, a modest though non-signi®cant increase in
the highest compared to the lowest quartile of alcohol
intake was observed. In contrast, a slight though non-
signi®cant inverse association between alcohol con-
sumption and lung cancer was observed in the heaviest
smokers (>30 cigarettes/day). Age-standardized lung
cancer incidence rates according to levels of alcohol
intake and cigarette smoking are shown in Figure 1.
Incidence showed a suggestion of a U-shaped relation-
ship to alcohol among all smoking categories. The ®gure
highlights the fact that the highest rates are among non-
drinkers and very light drinkers regardless of smoking
category, although the effect is most striking among
heavy smokers.
Several other factors were evaluated for effect mod-

i®cation of the alcohol association, including dietary
intake of energy, vitamin C, vitamin E, folate, fat, serum
nutrients (b-carotene, a-tocopherol, and retinol), age,
BMI, education, and physical activity, and no signi®cant
interactions were found (data not shown). For example,
the RR and 95% CI for the highest versus the lowest

Table 3. Adjusted relative risksa (RR) and 95% con®dence intervals (CI) of lung cancer associated with alcohol consumption according to

cigarette smoking exposures and allocation of intervention assignment, Finnish men

Categories of alcohol consumptionb (g/day)

non-drinkers 0±5.2 5.3±13.3 13.4±27.6 27.7+ p trendc

RR (95% CI) RR RR (95% CI) RR (95% CI) RR (95% CI)

Cigarettes/day

<20 1.2 (0.8±1.7) 1.0 0.9 (0.7±1.3) 0.9 (0.6±1.3) 1.2 (0.8±1.7) 0.59

20±29 1.2 (0.9±1.6) 1.0 1.1 (0.8±1.4) 1.0 (0.7±1.3) 1.0 (0.8±1.4) 0.99

+30 1.0 (0.6±1.6) 1.0 0.9 (0.6±1.3) 0.8 (0.5±1.2) 0.8 (0.5±1.2) 0.26

Years smoked

<32 1.4 (0.7±2.9) 1.0 1.1 (0.6±2.1) 1.1 (0.6±2.1) 1.0 (0.5±1.9) 0.87

32±40 1.4 (1.0±2.0) 1.0 1.1 (0.8±1.5) 1.1 (0.8±1.5) 1.3 (0.9±1.7) 0.16

>40 1.0 (0.8±1.3) 1.0 0.9 (0.7±1.2) 0.8 (0.6±1.0) 0.9 (0.7±1.1) 0.13

Inhale

Seldom 1.4 (0.7±2.8) 1.0 0.8 (0.4±1.7) 0.7 (0.3±1.5) 0.7 (0.3±1.7) 0.37

Often 1.4 (1.0±2.0) 1.0 1.2 (0.9±1.5) 1.1 (0.8±1.5) 1.1 (0.8±1.5) 0.81

Always 1.0 (1.0±1.3) 1.0 0.9 (0.7±1.1) 0.8 (0.7±1.1) 1.0 (0.8±1.2) 0.84

Cessationd

<3 yrs 1.2 (0.7±2.0) 1.0 0.8 (0.5±1.4) 1.1 (0.6±2.0) 0.9 (0.5±1.8) 0.67

>3 yrs 1.2 (0.6±2.6) 1.0 0.9 (0.4±1.8) 0.8 (0.4±1.7) 1.5 (0.7±3.2) 0.81

Never 1.2 (0.9±1.5) 1.0 1.0 (0.8±1.2) 0.9 (0.7±1.1) 1.0 (0.8±1.2) 0.16

a RR after adjusting for age, body mass index, years smoked, cigarettes per day, and treatment group.
b Alcohol categorized as nondrinkers and by quartile of ethanol intake among drinkers.
c p for trend is for Q1±Q4 only.
d Cessation is de®ned as having quit smoking for at least 2 consecutive follow-up visits (8 months) either early during follow-up (<3 years) or

late during follow-up (<3 years), or never having quit.
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quartile of alcohol intake among drinkers was 1.0 (CI,
0.8±1.4) and 1.0 (CI, 0.8±1.2) for younger (�57 years)
versus older (>57 years) men, 1.0 (CI, 0.8±1.2) and 1.0
(CI, 0.8±1.4) for those with dietary folate intake of
�325 lg/day versus >325 lg/day, and 0.9 (CI, 0.7±1.2)
and 1.0 (CI, 0.7±1.4) for those with serum b-carotene
�175 lg/L versus >175 lg/L (p for interaction with
alcohol was 0.63, 0.39, and 0.58 for age, folate, and
serum b-carotene, respectively).

Discussion

We found no evidence to support a positive association
between lung cancer and either total alcohol intake or
beer, wine or spirits consumption in smokers, after
adjustment for several important potential confounders
including age, cigarettes per day, years of smoking, body
mass index, and b-carotene intervention. In fact, non-
drinkers were at increased risk compared to drinkers, a
®nding that held true for each beverage type. An
interaction between alcohol and level of cigarette
smoking was suggested but not statistically signi®cant,
and there was no indication of effect modi®cation by
age, BMI, dietary factors, or by either of the trial
interventions (i.e., b-carotene or a-tocopherol supple-
mentation). (We had previously reported a marginally
signi®cant positive interaction for lung cancer between
alcohol and b-carotene supplementation in this study
[21]: p for trend was 0.08 for alcohol modeled as scored
quartiles and 0.05 for alcohol as a continuous variable;
however, the present analysis includes almost two post-
intervention years of observation and nearly 200 addi-
tional cases). The alcohol association did not di�er
materially by lung cancer histological type.

Of the previous cohort studies which adequately
controlled for smoking, some [3, 7] but not all [30, 31]
showed a positive association between alcohol con-
sumption and lung cancer. A case-control study of
Turkish men found a stronger association when alcohol
was quanti®ed as years of drinking rather than as
amount [8]. Other case-control studies have reported
isolated increased risk for specifc beverage subtypes,
with beer being the most consistently related [4, 32].
Compared with most of these previous reports, the
present investigation obtained more detailed alcohol
exposure, including portion size and frequency of
consumption for several beverage subtypes, with speci®c
corresponding ethanol content (such as for light, medi-
um, and strong beer). Our estimate of alcohol exposure
was based on usual frequency and quantities of con-
sumption over the past year prior to study entry,
however, and did not query binge drinking or lifetime
duration of alcohol use, which may be important
alternative predictors of risk.
An explanation for both our ®ndings of increased risk

among nondrinkers and no association by level of
alcohol among drinkers may be misclassi®cation of
alcohol exposure; that is, ex-drinkers may have been
classi®ed as nondrinkers and heavy drinkers may have
under-reported consumption for the year before enter-
ing the study. Although the validity of self-reported
alcohol consumption is generally considered to be good
[33], and we obtained a correlation coef®cient of 0.8
between alcohol from diet records and the questionnaire
used here [24], underestimation of consumption by
heavy drinkers has been previously documented [34].
Further, a study of alcohol and mortality in British men
revealed that men tend to reduce their alcohol intake as
they get older, with the heaviest drinkers making the
biggest reductions [35]. In this study the nondrinkers
were on average, older, smoked less per day, and
consumed fewer calories and micronutrients such as
vitamin C and vitamin A.
We observed the highest lung cancer rates among the

nondrinkers suggesting that these subjects may have
stopped or reduced drinking due to failing health. Prior
studies which have considered ex-drinkers and never
drinkers separately found that ex-drinkers have the
highest mortality, even higher than heavy drinkers [7,
29]. Since information regarding changes in drinking
patterns was not obtained, we sought to explore
misclassi®cation of ex-drinkers as nondrinkers by eval-
uating changes in lung cancer risk among drinkers
compared to nondrinkers over time. Although we
previously reported that abstinence appeared harmful
early in follow-up for colorectal cancer [36], this was not
true for lung cancer. Another possible explanation for

Fig. 1. Age-adjusted lung cancer incidence per 100,000 years accord-

ing to level of alcohol and cigarette use.
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increased risks in nondrinkers is that consumption of
small quantities of alcohol is necessary for induction of
several protective enzymes, such as alcohol metabolizing
enzymes, DNA repair enzymes, and carcinogen detox-
i®cation enzymes.
The ATBC Study included only current smokers of at

least ®ve cigarettes daily. Our results effectively rule out
a strong harmful effect of ethanol in smokers, and make
it more likely that smoking confounded the alcohol
associations in previous studies in which smoking was
less controlled. On the other hand, the men may have
been at such elevated risk for developing lung cancer
that any incremental risk incurred from alcohol con-
sumption was negligible. We did observe slightly in-
creased risk with higher alcohol intake among lighter
smokers, while among heavy smokers, a risk reduction
was suggested. There is some experimental evidence in
support of alcohol having a detrimental effect in light
smokers or nonsmokers only; for example, by alcohol
variably potentiating carcinogens depending upon the
amount of carcinogen present [37, 38]. Alcohol is
considered to act as a competitive inhibitor for cyto-
chrome p450-2E1 in the liver, rendering the liver unable
to detoxify all of the 2E1-associated carcinogens derived
from smoking and resulting in higher concentrations in
post-hepatic sites such as the lung. Studies conducted in
mice show that co-treatment with alcohol and the potent
carcinogen N-nitrosodimethylamine (NMDA) result in
a 40-fold increase in NDMA levels in the blood and
lung, compared to the administration of NDMA alone
[37]. This was only observed for modest levels of the
NDMA administration, however, whereas at high ex-
posure, NDMA levels in the blood and lung were high,
regardless of alcohol co-administration.
The inverse relationship suggested for the heavier

smokers may be explained by a healthy participant
effect, since entry into the ATBC Study required that
there was no evidence of a serious chronic disease or
alcoholism. Therefore, it is possible that the men who
were both heavy smokers and heavy drinkers and would
have been at high risk but had already developed
alcohol-related diseases were excluded from the study.
Other studies have also found evidence for effect
modi®cation of alcohol by tobacco smoke. For example,
Stocks et al. [39], observed increased lung cancer risk
associated with frequent beer drinking only among
nonsmokers and light smokers (<100 cigarettes/week),
and Murata et al. [5] found that alcohol had an impact
in nonsmokers only. In contrast, in the case-control
study of Bandera et al. [4] and the New York State
Cohort alcohol and diet study [30], associations between
alcohol and lung cancer were limited to heavier smokers.

In conclusion, we observed no association between
alcohol and lung cancer in this population of cigarette
smokers, although nondrinkers appeared to be at
somewhat increased risk compared to drinkers. It is
possible that alcohol plays a greater etiologic role in
lung cancer development in nonsmokers or light smok-
ers who have smaller cumulative carcinogenic exposures
as compared with heavier smokers. Additional observa-
tional studies are needed to explore this hypothesis and
possibly to further evaluate the relationship between
alcohol and lung cancer in heavy smokers using alter-
native measures of alcohol consumption such as lifetime
drinking patterns and histories (including assessment of
binge drinking). Given the high prevalence of alcohol
consumption and lung cancer both in the US and
worldwide, the knowledge gained from such additional
work could have substantial public health impact.
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